Pregnancy has usually been an exclusion criterion in clinical trials with thrombolysis and endovascular therapy in acute ischemic stroke. For that reason, these therapies are not recommended causing lack of evidence and vice versa. In this case report, we describe a pregnant woman in week 33 + 3 presenting with acute ischemic stroke, which was successfully treated with systemic thrombolysis and endovascular therapy, resulting in a good clinical outcome for both mother and child. The altered fibrinolytic system and the risk factors related to pregnancy constitute a challenge for clinicians when choosing the most suitable treatment modality for treating acute ischemic stroke in pregnancy. It is still uncertain whether thrombolysis in combination with endovascular therapy or endovascular therapy alone is the most appropriate treatment option. However, there is slowly growing evidence that thrombolysis and thrombectomy in pregnancy are feasible and safe with a good clinical outcome for both the mother and the child.
Introduction
The benefit of systemic thrombolysis with tissue plasminogen activator as well as endovascular therapy in acute ischemic stroke is well documented [1] . Furthermore, recent studies have documented that thrombolysis followed by thrombectomy using a stent retriever in patients with acute ischemic stroke in the proximal anterior intracranial circulation is superior to thrombolysis alone [2] . Pregnancy is a procoagulant state and the risk of stroke, and deep venous thrombosis and pulmonary embolism, is increased [3, 4] . However, to date, pregnant women with acute ischemic stroke have been excluded from reperfusion trials, resulting in paucity of evidence within this area [5] . The concerns regarding the use of thrombolysis during pregnancy include the risk of placental abruption, retroplacental hemorrhage, abortion, peripartum uterine bleeding and postpartum hemorrhage, as well as possible teratogenicity of thrombolysis treatment [1, 6, 7] . The use of thrombectomy during pregnancy raises concerns regarding radiation, anesthesia related complications, and the use of contrast during the procedure [8, 9] . The lack of data from reperfusion trials in this subgroup of patients makes case reports an important source of information that could shed light on this issue. In the recent years, a growing number of case reports demonstrating the beneficial use of thrombolysis in pregnant women with acute ischemic stroke have emerged. However, only 3 reports regarding thrombolysis in combination with endovascular therapy in stroke have been published [10] [11] [12] .
In the following, we are presenting a case of stroke in a pregnant patient in week 33 + 3 that was successfully treated with thrombolysis followed by endovascular therapy with a Trevo retriever.
Case Report
A 26-year-old right-handed, unigravida in week 33 + 3 with an uncomplicated pregnancy, was admitted to the local stroke department 2 h after onset of symptoms. On admission, the patient presented with a left-sided paralysis of the arm and leg, left-sided facial weakness, inattention, dysarthria, and incomplete left vertical gaze palsy. The National Institute of Health Stroke Scale (NIHSS) score was 14, indicating a major stroke. Before stroke, the patient was healthy besides headache episodes, including migraine for many years, which was treated with mild analgesics. The patient also had depression, treated with citalopram (SSRI); however, this was terminated in early pregnancy. The patient was a non-smoker and her BMI was above 35 throughout the pregnancy. The patient had a grandfather with stroke at the age of 60, but no other stroke history in the family. At admission, an acute magnetic resonance imaging (MRI) confirmed acute ischemic stroke on diffusion-weighted imaging placed in the right basal ganglia area congruous for occlusion of the lenticular striate arteries (Fig. 1a ). As expected, the MRI angiography showed occlusion of the main stem in the right middle cerebral artery (M1 branch) ( Fig. 2a ).
Intravenous thrombolysis of 90 mg Actilyse ® was initiated 3 h after onset of symptoms. The patient was transferred to the nearest comprehensive stroke center while continuing Actilyse ® infusion. No clinical improvement or worsening was seen after the complete infusion was finished. The patient arrived at the comprehensive stroke center approximately 5 h after symptom onset. Digital subtraction angiography in local and twilight anesthesia confirmed unchanged occlusion of the left middle cerebral artery (angiography before thrombectomy, Fig. 2a ). There was no sign of dissection or arteriosclerotic plaques of the neck arteries. A Trevo stent retriever inserted through the right femoral artery was used, and recanalization (thrombolysis in cerebral infarction (TICI) grad 3) was achieved after the first attempt 6 h after symptom onset (angiography after cloth removal, Fig. 2b ). The NIHSS was 7 immediately after thrombectomy, and 5 at 24 h follow-up, with remaining symptoms such as dysarthria, left-sided slight inattention, central facial palsy, and affected coordination on the left side. The cardiotocography of the fetus after the event was normal. A follow-up MRI at 24 h showed a small infarct in the right basal ganglia with hemorrhagic transformation in the nucleus lentiformis. The MRI angiography showed recanalization of the right M1-branch, but an upstream thrombosis of the M3-branch was detected. Secondary stroke prophylaxis with aspirin 75 mg/day was started. The patient was discharged from the hospital to rehabilitation 8 days after the stroke onset. At the time of transferal, the patient had regained ambulatory function. One week later, only a slight facial palsy, reduced fine motor skills of the left arm, and slight cognitive deficits were found. Aspirin was paused 5 days before a planned caesarian section in week 38 + 5. A healthy boy was delivered without any complications. Aspirin was restarted the following day and later, anti-depressive treatment (mirtazapine and later citalopram) was given for postpartum depression. At a follow-up 6 months after the stroke, the patient was independent in daily activities. A slight spasticity in the left foot as well as in the left hand was present, and both were treated successfully with botulinum toxin. The patient was followed in the botulinum toxin outpatient department over the years. The child is now 5 years old, healthy and reached all milestones as expected.
The initial cerebrovascular workup for stroke was added by electrocardiography, 24 h Holter monitoring, transthoracic and transesophageal echocardiography, and blood tests for thrombophilia. The patient was diagnosed with hypercholesterolemia, and therapy with statins was started. Furthermore, the tests confirmed a heterozygote factor V Leiden mutation, while the remaining tests were normal. Heterozygote factor V Leiden mutation, in combination with a change of the coagulation status during pregnancy, might increase the risk of hypercoagulation. However, the risk of thrombosis will typically be more increased in the venous than in the arterial system, and a persistent foramen oval as reason for a paradoxical embolism was not found. Thus, the cause of stroke is still uncertain.
Discussion/Conclusion
Acute ischemic stroke during pregnancy is rare; yet, when it occurs it can be catastrophic for the mother as well as for the fetus. In current guidelines, pregnancy is considered a relative contraindication for acute stroke treatment [13] . Currently, there are only a few case reports and no data from controlled randomized trials concerning thrombolysis in combination with thrombectomy for stroke during pregnancy [10] [11] [12] . However, in a recent large stroke registry, pregnant or postpartum women were reported to have similarly favorable short-term outcome after reperfusion therapy (defined as thrombolysis, catheter-based thrombolysis, or thrombectomy either alone or in combination) as compared to nonpregnant women [5] .
Serious bleeding complications are rare during thrombolysis and seem to be equivalent to nonpregnant women, and child outcome appears not to be affected when using thrombolysis [14] . This is supported by animal studies that show no signs of teratogenicity as Actylise ® does not cross the placenta due to the large molecular size [3, 5] . However, in patients with increased risk of bleeding such as placenta previa, late pregnancy close to delivery, or patients with acute caesarean section, Actilyse ® remains contraindicated due to increased risk of hemorrhagic complications. For this group of patients, thrombectomy is a possible treatment option in case of large vessel occlusion [5] . To the best of our knowledge, there are only 3 published case reports, presenting the use of thrombolysis in combination with stent retrievers in pregnancy [10] [11] [12] . The 3 case reports demonstrated successful thrombectomy in all 3 cases without any serious complications of the procedure and beneficial outcome for the mother and child. Concurrently, our case showed that recanalization was only achieved by the combination of thrombolysis and thrombectomy. Nevertheless, it is still unknown whether thrombectomy alone could have been just as effective and whether the combination of systemic thrombolysis followed by thrombectomy has a synergetic effect. However, in case of contraindications for thrombolysis, thrombectomy as first line might be a considerable treatment option.
The downside of thrombectomy might be the radiation during the procedure and its possible side effect on the fetus. Several studies have demonstrated that conventional endovascular procedures do not cause serious radiation exposure that could exceed the threshold of safety for the fetus [12] . Therefore, endovascular therapy can be safely performed in pregnancy with adequate attention to pharmaceutical agents and shielding from radiation [15] . In our case, appropriate shielding of the abdomen during the procedure provided protection from radiation. Furthermore, it is important to be aware that the damage of radiation is not only related to the total dose of absorbed radiation, but also to the gestational age of the fetus [12] . Like our case, the previous 3 case reports illustrate successful outcome with thrombolysis and thrombectomy in patients in the late second or third trimester. Thus, information regarding treatment outcome in early pregnancy is still lacking.
Currently, there is only little evidence to guide clinicians to choose the right treatment for pregnant patients with acute ischemic stroke. However, our case adds the slowly growing evidence that thrombolysis and thrombectomy in pregnancy are feasible and safe with good clinical outcome for both the mother and the child even though caution must be taken for publication bias in favor of good clinical outcome. As in all cases of acute stroke treatment, an individual risk/benefit assessment should be made. Especially in therapeutic options with limited evidence, the pros and cons should always be carefully weighted. Fig. 1. a Initial diffusion-weighted magnetic resonance imaging showed acute infarction in the right basal ganglia. b Follow-up magnetic resonance imaging (T2 sequence) at 5 months showed sequelae with substantial loss in the right basal ganglia. 
